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^ (57) Abstract: A quantum well active layer is doped with oxygen. TMG, TMI, 0 2 , and NH, are supplied over an n-type GaN light 
^ guide layer (405) at How rates of 10 seem, 30 seem, 20 seem, and 10 slm, respectively, and an n-type Ino.mGacgN barrier layer (550) 
^ of 10 nm thickness is formed. The flow rate of TMI is increased to 50 seem, and an undoped Ino. 2 Gao. 8 N well layer (553) of 3 nm 
<S| thickness is formed. This step is repeated three cycles. Thereafter, an n-type Ino.02Gao.9gN barrier layer (550) is formed. Over the 

Othus formed multiple quantum well structure active layer (420), TMG, TMA, (EtCp) 2 Mg as impurities, and NH 3 are supplied at flow 
rates of 15 seem, 5 seem, 5 seem, and 10 slm, and a p-type Alo. 2 Gao. 8 N cap layer (407) of 20 nm thickness is formed. 
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z\<D&5\zMf&Lrc&mm : ?-#7 s mmm\im 420 ±k tmgissccdi, 

TMA5sccm, IT (EtCp) 2 Mg 5sccm &t>*N H 3 1 Os lm U , J¥£ 

20nm© p £! Al 0 . 2 Ga 0 . 8 N y :/« 407 ZmfcLtc. ^>HT*g|g 401 (Dig. 
1100t:(C^^L, S^±tC TMG15sccm, K - /I > h> £ L T (E t Cp) 2 Mg 
15 5sccm Rt£NH 3 10slm &mi&VTmZ O.Um©piGaN KM 408 

^Wtfc. OV*T* TMGlSsccm, TMA5sccm, ^FM#J iLT (E tCp) 2 Mg 
5sccm &t£NH 3 10slm §MLT p S Al 0 07 Ga 093 N 2 ? y FH 409 

•^€izm^±lz TMG15sccm, (E tCp) 2Mg5sccm Rt£NH 3 10s lm 
20 15 0.05Mm©plGaND>^^ M410$ffi£L/fe. -e©^, 401 
^f&mmmJ: DIBtOffiU Xy^V^tdcfcO p £! Al 0 . 07 Ga 0 . 93 N 5 y K/8 
409 £ p ^ GaN □ y 9 5 h/g 410 SnU 3wm©7 h7^f^0'J y v'^it 
413 {CjniLfco $ ZlZ U y >>(DII|gB£:|Sfc^T Si02 §£ 414 Ni / 

Au © 2 P mm 411 £*£&5*fc«k OJgJfcLfc. X y 

25 ^>^{C<fc 0 n M GaN □ J>® 403 ^MtH^^. *:<D±.W\Z Ti / Al 

<o 2 m&mfr*>t£% n 412 &n&Mmiz&r)i&j&i,tt. 

*«ELTV>*. S i^H-nsi^, S i H 4 ©^|&»^ 2. 2 nmol/min 
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(10 ppm, 5 seem) (D\Ztt b, #H560!lT<Z) O t <Dm%&miZ 0. 36 

mmol/rain (20%, 20 seem, 0 W^m%) <fc 5 t>#t,>. Si- 

N <E>$S^iti|&6<j5£^(439±38 kJ/mol) fe^tc. ^H^® L£ S i 

nM5£-f%z:ttSi< m£T^Tlfe§l l <P\ZJ&K)&£nz><DlZttls. Ga-0 (Dijg 
^•^it^WlfVi (353. 6 ± 4 1 . 8 kJ/mol iSSH^M IZftm V fc 0 CO o 

*>±ffiftiznmmT2>z\}itfmm£m?L*>ti2> 0 z\o)z\tu, o k-^l^c 
uw<d** vTmmfim<mm&miztiL&-r2>z\tz£hft&?z, ^3) . 

1. 5xio l2 cm' 2 ggT$0, iiMH 3xl0 l3 cm" ! S 

X-y^>tflZ<£Z>ffiBW{S5$:ft pSJGaNzr>^hJl410 OD^teSrgfl 
^t:^, u©I©iS(JGaI (c®) d t^m^tlfco 

Wtifibfci £3> 3B^3ft£ttl 7 a. u. , fgft^ifrte?. 2 5n stcfeofc. 

^rc^mmmx^vr^m^miz^tat. inGaN s^#^^h4^©^m#» 

InGaN ©fifeSli© + t U gfff^^ratetfXT^Mi: L<^o tKMI 

^t'JJ^V^i:, tK^^ In (D^D^^n^^tC^^^^A, InGaN iffl. 
InGaN ^ftfcM<D%£m&btzZ-? Z\ £tf$>Zfc#>T"&Z> e Z\ >>U 

tf-oT. Z\<D F-\d>tfXx*m^T InGaN <D^S<Ht^ £4§£\ tK^CD 
InGaN InGaN fgft&g^SiTS #H|;&60tJ 

n$$h*-n>hit, -n^^^T^^L^ h*-tr>^^7,Srffl^ 
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4>&<, £feL>fz InGaN m^^^fc^ InGaN fg^i£fi£#3 £ £&T*% <5 0 
<^^0U 3 > 

*nMMT~fe, G a N&m&mm±\z III M^fc^¥^Jl£:/7!tg;*-t»-, 

5. III- VifeaMttt — tf«, C m&&ffi£TZ>mZ UOum 

©n^GaN*^651 ±\ZU-*fmm&&J&t<tlX\,*%>c Z(D n M GaN 

651 «, bQS£L£:F I E LOffifci 0 f^SJ IfcfeCTSO, U >&mi§f&£ 

M<D*m4*u-4f<Dmmjjmz*Di*T$ftm'rz>. 

ni GaNgfix 651 ±(C, ff$ 1.5/im0nl GaN H 652, f$ U 
m<E> n £( Al 0 . 07 Ga 0 . 93 N t? 5 y KJB 653, /¥ $ 0. 1 £im£> n M GaN 7fc#-f KJB 
654, JP£ Znm(D In 0 2 Ga 0 . 8 N M^^Wmtm^ lOnm© In 0 . 02 Ga 0 . 9g N 1^ 

3 M^O#a»^#Fr^ig^tt« 655, m% 20nm© p M 
Al 0 . 2 Ga 0 . 8 N ^r-r y ~fM 656, J?£ 0. 1 m m(£> p M GaN F® 657, pi 

GaN ft#-TFJf 65 7 ±Kl^/dc$n, 2/im®7 h^-T T^MPSB 

663 Sr&ofcff £ 0. 2//m<D®teJl5 t t^7^ 658, mitmm^^^ 658 ±13 
jl^^{C^^^n^:J*$ 0.5wm© p 35! Al 0 07 Ga 0 . 93 N ^ 7 y KJi 659, /P£ 
0. 05tfm© p^GaNn>^^j>« 660, Ni / Au <£> 2 /f &JS^e>&-5 p « 
S 661, Ti / Al <D 2 S&S n 32 rt^fifc^tlT^ 5. 

Srffl^fco ^SJEE^ii-T^T^^^T lOOTorr t L^io £ v^tcH^ 

i^titNH 3 ^, in m7tmmi^mtvx tmg, tma, tmi, (Etcp) 2 Mg, 

20*0, 30t;£LT, 760Torr <D N 2 TA*:/U >?~?Z>Z\HZ £9, ^-<E> 
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GaNg}§651 ^ill, Tk^ffffflmTT 1 lOOt: ICjfjnft* U O^T 
TMG15sccm, K-/t> htUTCS i H 4 5sccm &£N*NH 3 1 Os lm ^ft^ll 
S1S±{C^$ 1. 5 n m<£> n ^ GaN M 652 £7«b/!:. S^±tC 
TMG15sccm, TMA5sccm, S i H 4 5sccm RZSN H 3 1 Os lm b, ff£ 1 w 

mcD n m Al 0 07 Ga 0 93 N ^ 5 y H« 653 o t>T TMG1 5sccm, SiH 
4 5sccm 2fctfNH 3 10slm £&ii&b, jP£ 0. 1 u m<D n GaN 7fc#-Y H S 654 
^^^fe, OtriC, NiG a NSi 651 CDM^£ 800T: K-ffcif b, 
TMGlOsccm, TMI50sccm & b < 30sccm RtfNHjlOslm $MLTSi 
±fCM/9 3nm<D In 02 Ga 0g N lOnmO In 0 . 02 Ga 0 . 9g N mm. 

M<D 3 655 ZMfcOfz, 

ddT, #S»^#F^it?££feJf 655 ©J^^td^^TH 1 l£fflV>Tg£ 
KR'StS. N^G aNSS 651 <DUm& TMGlOsccm, 
TMI30sccm, 0 2 (mm) 20sccm Rt£N H 3 1 0s lm IT l OnmCOnI 

In 0 . 0 zGa 0 9g N JI 750 £7£/&i-<So TMI (D#^i^»$r 50sccm \zmm b, 3 
nm©7> H-y In 0 . 2 Ga 0 . g N S 753 SrJ^TSo £©m& 3 mMMOM 
b, *m« n ^ In 0 . 02 Ga 0 . 98 N J8 750 Tr^Ti-£o a±©?g&Jl^/&I;fS£, 

®1 OlZhZQ, 0#fc*^#F«ift«ttJi 655 ±fcTMG15sccM. 
TMA5sccm, K- A° > h £ b T (E tCp) 2 Mg 5sccm #.t£NH 3 10s lm £&ii&b, 
/P£ 20nm© p M Al 0 2 Ga 0 . 8 N *W?m 656 £^/&b£o ^)^TNIG a 
651 0ffl£& 1100"CfcflM#U S«±(C TMG15sccm, H-/1>ht 
bT(EtCp) 2 Mg 5sccm Rtf NH 3 l0slm £&i&bT/P£ 0. I ym© p S GaN 
HS 657 SMbfc. O^KB^fcJifJt^X^ 658 &JB/£b&. ST 
aNSIS 651 ££i&3;T#2J] bfc©-kfiJcgg@^ 0 ffi b, XA> 

7l8Xr;iy5 L >^IgCJ;oTfi 2.0# mOigpgB 663 fcJBjfcbfc. 
StfNiGaNHS 651 £/&S£ieKS*M bT 1 1 00«C \zmm b , 
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TMG15sccm, TMA5sccm, K — /t > h £ LT (E tCp) 2 Mg 5sccm RZtN H 
3 10slm WIT p M Al 0 2 Ga 0 . 8 N ^ 7 V Kg 659 £jg debit. ~l€\Z 
TMG 1 5 s c cm, (EtCp) 2 Mg5sccm BL^NH 3 10slm 0.05 um(D 

pSHGaN 3>*^ 660 ZMfclsTz. ^<D'&, St^filfiilJ; D St D 
ffiU U 3/ ^©PSB&ISfcV>TB6ffc&*IK 664 SJBifcU Ni / Au CD 2 
mfrZfcZ Pil 661 ^SlfCiDMlfc, NIG a Nit 

651 (DftffifC Ti / A1(D2 n MM 662 & J* £ j!Mt J: DJB* 

10 l! cm- ! g|TSD, tt3§«gft, 2Xl0 l3 cm- ! |gT^ofc 0 
x.y3 L >yiZ&Z>ffi%WB $ff p GaN 3 >^ bM 660 Oltt^i 

<#%#J 1 > 

33OjKm0iia!GaN*«6Ol ±iZ Is— OLiEtlTte&. H © n 
§!* GaN Sfe 601 MMILfc F I E L OffiKcfc 9f£lgLfcfc<DT& U 

&,t. *m<D¥m&u-if<Dmmjjm\z-D^Tmw?z>o 
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£t* n S! GaN mWL 601 ±{C, JP£ 1.5jtim(D n M GaN g 602, 1 m 

m<D n m Al 0 07 Ga 0 . 93 N ^ 9 y KJi 603, J¥£ 0. 1 um(D n ^ GaN Jtft'i 
604, J¥£ 3nm0 In 0 2 Ga 0 8 N Mf-^rmtm^ lOnm© In 0 . 02 Ga 0 . 98 N |^ 

mmfrzuz 3 mM<Dg>mm?#wmmm&m 605, J9£ 20nm<j[)pi 

Al 0 . 2 Ga 0 . 8 N y ^Jl 606, JP£ 0. 1 £im<£> p M GaN ^^f-f KJI 607, p M 
GaN 7fc#-f h*« 607 _hlC^^$n, ^|pJCD*S 2miticOX h?^( 7W;fflan 
613 O.2wm0S§fkSI?X^ 608, M<t&m^X& 608 _kfc 

^JRW O.5wm0 p M Al O07 Ga 0 . 93 N 2 7 V KS 609, ff£ 

0. 05 Mm© p g{ GaN 3 >9 ^ HI 610, Ni / Au <D 2 S&JRa>Sfc£ p « 
H 61 1 ^f^$tlT^§„ n GaN 601 ©SSK: n «ft 32 1Pm 

IiLTNH 3 $, III mTtmmifeMt LI TMG, TMA, TMI, (EtCp) 2 Mg, 

20t:, 30ttLT, flr;ft 760Torr <D N^A^U > ^"T 3 £ £ £ O , ^<7) 

GaN S« 601 SrlSeb, 7k^#ffl^TT 1 1 00*C JlDiSft t, , ^?V^T 
TMGlSsccm, H- A° > h £ VX<D S i H 4 5sccm RUN H 3 1 0s lm b 
TS«±tCj¥$ 1. 5 um<D n S« GaN JB 602 &Mf&Vfro $ £> Id, S1£±lC 
TMG1 Ssccm, TMA5sccm, S i H 4 5sccm RJ/N H 3 1 0s lm L , JP£ 

1 Mm© n ^ Al 0 07 Ga 0 . 93 N ^ 7 y KJi 603 TMG15sccm, S i H 4 

5sccm S^NH 3 10slm JP£0.lMmtf>nS!GaN 3£#-r KJ1 604 

£J£/&L£io ~Dg\Z. NIGa N3£1£ 601 <£>Mf£?£ 800*0 t^jtb, 
TMGlOsccm, TMI 50s ccm & L < « 30s c cm R^NH 3 lOslm Sfl&lTSi 
±lCHiJ¥ 3nm(D In 02 Ga 08 N m^-#Wmtmm lOnm© I n 0 . 02 Ga 0 . 98 N l^fg 

mv 3 mmfrztsiZ&mmTXwm&m&m 605 ^m^l^o 
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ls<m.W?Z>o NlGaNli601 ©ffigfc SOOrfclflmu TMGlOsccm, 
TMI30sccm, S i H 4 5sccm RZfN H 3 1 Os In L T 2 . 5nm©ni 

In 0 ..2Ga 0 .„N B 701 &Bf&-fZ>o &\Z S i H 4 <Dmm<Dfr&W±l, x i©g 
®Z lOO&mftttltttf, 7. 5nmO7>H-^In 0 . 02 Ga M8 Nl 702 
$ ^> TMI ©MIS: 50sccm tCiiBL, 3nm(D7>K-^ 
In 0 . 2 Ga 0 . g N S 703 -5, ©ig £ 3 MMM K> M L , S^ttT>K 

In 0 . 02 Ga 0 . 9g N jf 702 T^7t5. £*-h©i&tt«Jgj£lg fiEfi^B 

TMA5sccm, K-/1> h h LT(EtCp) 2 Mg 5sccm RtfNH 3 10slm £{fcj(&U 
j¥£ 20nm(D p M Al 0 . 2 Ga 0 . 8 N *f y ^Ji 606 ZMfolsZio ^HTNSG a 
Nit 601 <D2&^£ HOO'CK&^U S«±K: TMG1 5sccn, K-A>ht 
LT (EtCp) 2 Mg 5sccm &tKNH 3 10slm £{$ii&LTJP£ 0. 1 m mCD p m GaN 

ft#-r kji 607 *M&vTco -Dg\zm<tmm^x? soszMf&Lrco 

NiGaNH601 £^iB£T?fr£P LfcO^/ilcggl^ £JR t) ffi U XA" 

7IiRr;iyf>yigfc < koTe2.0MmO|lliPi5 613 
<D'&* B^NlGaNifii 601 ^^illltiUT 1 1 00<C TJPl^ L , 
TMG15sccm, TMA5sccm, H - A > h £ Lt (E t Cp) 2 Mg 5sccm RUN H 3 
lOslm ^iilT p m Al 0 . 2 Ga 0 8 N *y y KJB 609 &JBj£Lfc. O^ld 
TMG15sccm, (E t Cp) 2 Mg5sccm RtfN H 3 1 0s lm L , j|$0.05/xm© 

Pi GaN h/f 610 £JML£o »=K*j££giBJ; B flfc D 

mu u y v<Dm&&m*TM4kmmm 6u ni /au©2jb& 

p M 611 ^ISlfCiOMLfc. NiGaNSH 
601 Ti / Al <D 2 n m@ 32 %M&Mm\ZJ: O Mf& 
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7 T -i ) V it \>X T <D £ & 0 T $> i ft o 

mmm7>F--7m®, (In 0 . 02 Ga 0 . 98 NS 702) :Jl/?7. 5nm, Sigg 
1 x 1 0 1 7 c m- 3 5fcffi 

#WM (T>H-y In 0 . 2 Ga 0 . 8 N JI 703) :H3nm, S iitixio 1 
7 c m~ 3 t^^S 

»MnS«tt (nS In,. 0l Ga 0 . 98 NJI 701) : ® JP 2 . 5nm, S i mm 
(¥^M) 4 x l 0 18 c m- 3 

s i mmus iMsti vrnfevrc, 

^tc t.z\?>, z<Dm<Dmm\$G am (cm) -rr&zztfimm-zntc 

^^ih-r§i^r B ^^tt^ ^ t feet o , s^^^gp^^s^«cD@H^i*i(3^g 

Vtz n - ^^^^^^^^^^ 

n m^t&wizftmzti'r, Wi^nu^ma)m^n^ 0 z. 
(d^m. ±m<D& -o izmytwmcDWi^&ytmT&nz z: £ *?t#^ 0 

z\(Dtz®, ^<D±izMfc2nz#wm<Di&M l &&fa±2&zz£tfrg. z. 

^ ^ © & # 2& jh j: v mm £ u 5 o 

n m^mm b—y°m 701 t7> k-^ji 702 <D~mm 
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iSg^rt: $ it § d £ 13 <fc o T t> 5 d t ifl-v # -5 . 

^a77-fJ^il 5 (a) , (c) (e) (D^o izhTzUm^t 

fixate, 015 (a) <Dnm^mm\ i -\±>^y°uy T )V^mmVtc 
fccDTr&O. IlilOnm, #Pl3nratl/T^5. 
ttflbtt, 01 5 (c) <DnM^^Hm^-^>^yny y^c ji^mmvrz 
^iilOnm, #FJI 3 n m£ b, iiI7>F-^M§ 

Kftctt. 015 (e) (DnM^mm \ t -¥>tf7°U7 y fr&UmVfz 

5nm, iiinil^$§2. 5nmilt^5. 

lima, b&cktfc K&^T, ^ii7>K-7 P MTiiS il^ixi 
0 1 7 c m" 3 *^, iilnlMtttS i &ft (^M) £ 4 x l 0 1 8 c 
m' 3 tLtzo ^Sr^ltc^To 
<###J3> 

###11, 0 1 3 (3^:L/r#^#:U-lf (c^^T, BtMJI n (n M 

In 0 . 02 Ga 0 . 98 NS 701) <Z> S i mm $1X1 0 1 9 c m" 3 £ Lfctt 

Mo TiST-T S d £ tdfc o fc. 
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<MffiM4) 

0 1 2fct*HJ£0iJK'&£ III- V^g^#l^^^-f^- KomBS»r®E-e 

1001 ±£, m$ \0Onm<D&U GaN My 7 7-« 1002, JP£ 4 a* m<Z> n 
GaN 3>^^M 1003, /¥£ 3nm<£> 0 K — 7 In 0 . 4S Ga 0 . S5 N 

1004, 0$ 100nm©pi Al 0 . 2 Ga 0 . 8 N a> ^-f y 1005, 

0.5ym(D pSI GaN 9 hM 1006, Ni / Au <£> 2 Jl £ & 

P «@ 1007, Ti / Al <D 2 Ji&« n fi 1008 &Mf&2tlT^Z> B Xy^> 
^i^ni GaN HJg 1003 £@£ij$-ti\ ^<D±®(C n II 1008 

#ic, mi 2<Dmmm<DMf&j:m\z-z>^Tmw~?z><, ^^mw-mommz 
temm&m4k¥%mf&&mm(&T mocvd) ^ah^o ^mmtj\t^m^m 

WJ$fi©t^T0lfe lOOTorr ilfe. *^V^7C$i|&It LT7> 
(J^TNH,) in ^TU^^i^aii LT h U *^;|/#U ^A(KHT 
TMG), h U -^A (^T TMA), N U M >^^7A (^T 

TMI), t*7 > X^;W^^P^>^^X-;Pv^^->^A(^T(EtCp) 2 Mg), H 2 
fIRlO ppmO->7> (JBTFSiH,), N 2 #5|ft20*(Z)g&lff(0 2 )£/JH>, 

temiz^^TU^n^encDz/v >y-um&- 1 ot:, 2or, 3 or, 3 

Otil/T, 760Torr <D N 2 TA7'J >^~T <5 d £ fC <£ 9 , ^-O&fo^ 

S4£ 1001 SrtgBb, TkMi^HflTT 1 l0QX:\zmmh. S^^SCD^^^ 
ffo£ 0 ^{CS^M^S: 500t:«h L, TMG5sccid &.r>*N H 3 1 Os 1 m L-T 
It 7 T-T 7St 1001 ±\z lOOnnKDiM GaN Ay 77-i 1002 

fco act tmg (d&&&<p±v. mmum* \\Qox:tvrz 0 

TMG15sccm, H-/t> hibt©S i H 4 5sccm ZfcO^N H 3 1 0s lm Ji^Lt 
gfo±.izm% 4um(D n ^ GaN n hm 1003 £J£/&bfco o^d, it 
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7 ^^7I^ 1001 <£>2&g£ SOOTCKlftttU TMGlOsccm, TMI50sccmt>L 
<«30sccnk 0 2 20sccm £tfNH 3 10slm LT^1£_LK:g|jp 3nmO 

In 0 2 Ga 0 8 N M^^Ji 1004 

-5 «/&L/ta^#/5/f 1004 ±fc TMG15sccm, TMA5sccm, 
LT(EtCp)2Mg 5sccm &t£NH 3 10slm £#^1,* J¥£ 100nm(DpS! 
Al 0 2 Ga 0 g N y ^1 100 5 &Mtfc. t^TSJS 1001 GDi^Sr 
1100«Cfc#f#U *Jr7 T-i TS^±fC TMG15sccm, (E t Cp) 2 Mg5sccm Rtf 
NH 3 10slm JP£ 0. 5wmO p i! GaN n >^ # hjg 1006 

Lfro -e<z>&, mm. iooi ^^figiio^Daii. ni / a u <d 2 a^jn^ 

^^§PtS 1007 *M&mmiZJ:r)MJ$.Vrz. l7f>^l;iDn 
GaN n>?? bm 1003 £&ffl<*-B\ ^(DJiffif;: Ti / Al <D 2 JI&JH^ 
^5n«i 1 008 ^SMtllckDMtfc. *«I:-)ia« 350# mD 

<##0»J4> 

^ftl^-lf £f£®!l., ffMBLfc. 7 >^E - T^^tK^M^ 1 5 p p m (fi» 

mm) tvtco 

<HJI^I5) 

il 3 0 0±('^$nrc7>H--/GaNSl 3 0 1 <Z>±g|Hcft^#F/i 
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1 3 0 2*«fct;#Fi 1 3 0 3(1 urnt) I n 
GaNtCj;0«l^$nx^t)> dtl^JCS (fiffiH) ^H-^nt^5. Sit 

7jc^ (H,S) &/*JK£rtKil*AT5££KJ;oTfT5. 
*n*.T, ftfOF-yift »*©«^ci:Rli;<, fiflEtt^ttAtaK, ^ 

eim — m^f-Pt^htc o <Dm&mm&> o. 6xio ,2 cm- 2 ^ 

± 7 X 1 0 12 c m" 2 £(T©^ t 'J (y- big) 1. 3XlO l! cm" ! 

a±l 4X l 0 ,3 cm- 2 ^T<Z>7nfSiig||ir (y-MI) ttSittJ;^ 

-kiZMMMlt-V-y 7-f 7l1S&fflUfcfeO-C$l.^ itutfiLfcF I ELO 
*£fCckJ9t#£:{£i|fcftGaNg« (^®gMl0"MT) £U?^Tt>> 
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i ^ o i H 



1. MS^±tc^tt^tl^:, III »2fls4&¥3*#j&>£fcS#F»*5 

mmmm&tiLmmtf i x i o 8 cm - 2 *^co m ^^fb#i¥#^s^-e* 

4. M4Efi[«ft«(l x l 0 8 c m- 2 *ii<Z) III &3fc&¥S»#a£«£, t 

7 . m*(Dmmt& 1 mnsm 6 m^m^izmm<D^m^^tm^iz^x. 

s . fs*<z>!5BSii 1 mnmm 7m^m^\zmm(D^m^^tm^z^x, 
mft&ytm a ( nm ) , mummmme Bm7tm<Dm&mytmiz& 
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tt«¥J9#8tB&£x (cm" 3 ) , *^#FftfcnfcLfc£*fc, 
xdxlOVn 

BtFlBI^^®©j¥^.<&d (nm) , Mf2f§3tJBl;:43#&¥i3*-r U 7lg$ y 
(cm" 3 ) , lf#p»&ntlfcitl:, 
ydXlOVn 

T^^^n^^^ U Titg^, 1; 5X1 0"cm- 2 ^±T^^ut$^ 

1 1 . ^amifi6 B^7cm*^wr-5 K-t? >^#x, m 

in mjmnxx<D*:)iffimj:K> hj&miz-rzzt&ftmttz^mte 

13. m&comwmi 2JMiz&m<D¥mftmytm?<Dmmjjm\z&\,>T. m 
^ in m&im*mw-m*Mj&?zmzm^tz&m%**n-v\s, 

14. m^(Dmmmi lmibmrni sm^-rnfrizmmo^mfcztytmTcD 



WO 2004/051759 ^ PCT/JP2003/015415 

37 



5 ~rz>¥m&mytm?(Dmmjj&o 



WO 2004/051759 



1 / 15 



PCT/JP2003/015415 



Fig.1 




WO 2004/051759 



2/15 



PCT/JP2003/015415 



Fig.2 




10 10 10- 9 10" 8 10" 7 1CT 6 10" 5 10^ 10- 3 lO" 2 10 1 



JS^tntM (mol / min) 




10 11 10 12 10 13 10 14 

is—h^-YVs'mfg. (cm-2) 



WO 2004/051759 



3/15 



PCT/JP2003/015415 



Fig.3 




WO 2004/051759 



4/15 



PCT/JP2003/015415 



Fig.4 



(a) 




[xlO 12 ] 

is—h^tj-rmm. (cm- 2 ) 



WO 2004/051759 



5/15 



PCT/JP2003/015415 



Fig.5 



(a) 

200 




h4Hr'JT;*Jg (cm-2) 



WO 2004/051759 



6/15 



PCT/JP2003/015415 



Fig.6 




WO 2004/051759 



7/15 



PCT/JP2003/015415 



Fig.7 



i ' r 




^ (nm) 



WO 2004/051759 



9/15 



PCT/JP2003/015415 



Fig.9 




WO 2004/051759 



11 / 15 



PCT/JP2003/015415 



Fig.1 1 




654 



WO 2004/051759 



12/ 15 



PCT/JP2003/015415 



Fig. 12 



1007 





1006 




1005 




1004 




^/ 1003 







1008 



1002 



1001 



WO 2004/051759 ^ l PCT/JP2003/015415 

14/ 15 



Fig.14 



-606 



-702 

-701 
-703 

-702 

-701 
-703 

-702 

-701 
-703 

-702 
-701 J 



V 



606 



-604 



WO 2004/051759 



15 / 15 



PCT/JP2003/015415 



Fig.15 



(a) 




(b) 



i®(Ga®) 



1 



(c) 



i 



(Ga®) 



i 



1 



(d) 



iS(Gaffi) 



(e) 



A* 



I 



l_Jl_Jl_J 
C DE 



J 



iS(Gal) 



i 



ii(Gai) 



INTERNATIO 



ONaL 



SEARCH REPORT 



Intemal^^^application No. 

PCT/JP03/15415 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L33/00, H01S5/343 



According to Internationa] Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L33/00, H01S5/343 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shirian Koho 1994-2003 

Kbkai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
A 


GB 2323210 A (Hewlett-Packard Co.), 
16 September, 1998 (16.09.98), 
Page 5, lines 13 to 26 

& DE 19753470 Al & JP 10-256601 A 


i 1-10 
11-15 


Y 
A 


JP 2002-185085 A (Sharp Corp.), 
28 June, 2002 (28.06.02), 
Par. No. [0016] 
(Family: none) 


1-10 
11-15 


A 


JP 2001-185758 A (Toyoda Gosei Co., Ltd.), 
06 July, 2001 (06.07.01), 
Par. No. [0035] 
(Family: none) 


1-15 



| X I Further documents are listed in the continuation of Box C [~| See patent family annex. 



rr 



Special categories of cited documents: 

document defining the general state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international tiling date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
16 March, 2004 (16.03.04) 


Date of mailing of the international search report 
06 April, 2004 (06.04.04) 


Name and mailing address of the ISA/ 

Japanese Patent Qffice 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCI7ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 2000-164925 A (Showa Denko Kabushiki Kaisha) , 
16 June, 2000 (16.06.00), 
j Par. No. [0022] 
(Family: none) 


1-15 


A 


JP 2000-133884 A (Showa Denko Kabushiki Kaisha), 
12 May, 2000 (12.05.00), 
Par. No. [0063] 
(Family: none) 


1-15 


E,A 


JP 2002-353144 A (Ricoh Co., Ltd.),. 
06 December, 2002 (06.12.02), 
Full text; all drawings 
(Family: none) 


1-15 



Form PCT/lSA/210 (continuation of second sheet) (July 1998) 




ipplication No. 



PCT/JP03/15415 



irnmrn^- p 



J PO 3/15415 



B9IWit5»f(0^g (BKSIti^S (IPC) ) 

Int. CI' H01L33/00, H01S5/343 



S356£*Tofc&/M«j£** (m&ft&ftm (IPC) ) 



Int. CI 7 H01L33/00, H01S5/343 



B*B*fflgr^$8 1 922-1 99 6* 

B^mummmmmzm 1971-2003* 

R*m&mmm%&i4:n 1994-2003* 

n&mmm$iM&m / jim 1996-2003* 



ffiTM£ffl Lfc^x-*^— ^ (x — ^^<— ^OT^S^, SH&K&IB Lfc/Bg§) 



Y 
A 



Y 
A 



GB 2323210 A (Hewlett-Packard Company) 1998. 09. 16 

Page 5, Lines 13 - 26 
& DE 19753470 Al & JP 10-256601 A 



JP 2002-185085 A(f-f— 7TO&d£fc) 
(77^^iL) ^0016 



2002. 06. 28 



I- 10 

II- 15 



I- 10 

II- 15 



roj n®»cfc*|fi§^ teffl, 5 ASK 

rpj H^tu^BBtn?, friteftmn^mtommtttzi 



16. 0 3. 0 4 



BKS3i£$fti!reD38i£0 



06. 4. 2004 



B*B1ffTJT ( I SA/J P) 
SGS#*5- 100-8915 
mjKSS^-ftfflEggdSHHTS 4#3-§- 



&m m m , : a:. en 



2K 



8 4 2 2 



03-3581-1101 l*9i® 3 2 5 3 



«PCT/ISA/2 10 (12^-^) (1 9 98*7.3) 



mmmmm*t W/JP03/15415 



cjit) 



EA 



2001. 07. 06 



JP 2001-185758 A (ft H£-ri&»5£#*fc) 
(^T^y-^U) J£&0035 



JP 2000-164925 A(HS^pmx^^^t) 
(77$y-*U 1^0022 



JP 2000-133884 A (HSftJ® Itfc5£#ft) 
(77$y^L) J£&0063 



JP 2002-353144 A0Bc5£#*±y = -) 

(7 7 ? y — fcu 



2000. 06. 16 



2000. 05. 12 



2002. 12. 06 



1-15 



1-15 



1-15 



1-15 



«5tPCT/ISA/2 10 0fl2-<-v?<O!|£#) (1 9 98f7fl) 



